| Information sources and search strategy
The following databases were searched: MEDLINE/PubMed, 
| Study selection
Studies that did not fulfill the inclusion criteria were excluded.
Full-text papers that fulfilled the eligibility criteria were identi- The screening process according to PRISMA guidelines is outlined in Figure 1 . 21 
F I G U R E 1 Preferred Reporting Items
for Systematic Review and Meta-Analysis flow diagram for studies retrieved through the searching and selection process
| Data-collection process
The information from the accepted studies was tabulated according to the study setting and design, patient demographics, interventions, follow-up period, final outcomes, and laser parameters. Data collected were based on the focused question outlined for the present systematic review. The reviewers cross-checked all extracted data. Any disagreement was resolved by discussion until consensus was reached.
| Quality assessment
The quality assessment of the included studies was assessed based on the revised recommendations of the Consolidated Standards of Reporting Trials statement. 22 The criteria used are listed in Table 1 .
The risk of bias was estimated for each selected RCT based on the Cochrane Handbook for Systematic Reviews of Interventions: 23 (a) low risk of bias (when all criteria were met); (b) moderate risk of bias (when ≥1 criterion was partially met); and (c) high risk of bias (when ≥1 criterion was not met).
| Statistical analysis
Interassessor agreement between the two reviewers in regard to the study selection procedure was calculated using Cohen's ĸ statistics.
Due to the lack of methodological uniformity of the included studies, no meta-analysis could be performed. Therefore, the outcomes are presented as a narrative review.
| RE SULTS

| Study selection
In total, 56 studies were identified through the electronic search. The manual search did not establish any additional study for inclusion.
The study flowchart according to PRISMA guidelines is presented in Figure 1 . After removal of duplicates and initial screening of titles and abstracts, 10 potentially eligible articles were found for fulltext reading. Of these 10 studies, six were further excluded. After the final stage of selection, a total of four studies was reached and processed for data extraction. 15, [24] [25] [26] All studies were performed at university settings.
15,24-26
| General description of the included studies
All information related to study characteristics are presented in the palatal donor site. 15, [24] [25] [26] The follow-up period ranged from 4 to 24 weeks.
| Laser characteristics of the included studies
Gallium-aluminum-arsenide diode laser was the common diode laser used in the included studies. 15, [24] [25] [26] The wavelength of the diode laser ranged between 660 and 940 nm. In the four identified studies, 15, [24] [25] [26] the energy fluence, power output, and duration of irradiation of the laser were 60 J cm −2 , 3000 mW, and 300 seconds, respectively. Only two studies reported the optic fiber diameter and area of irradiation, which ranged from .2 to .04 cm and .06 to 2.8 cm −2 , respectively. The total number of LILT applications in the identified papers ranged from four to eight applications ( Table 2 ).
| Study outcomes
Two studies showed significantly greater improvements in the clinical and patient-centered outcomes for LILT at follow up, 15, 26 whereas, Ozcelik et al 24 and Dias et al 25 reported comparable results for both LILT and PCTG groups at follow up (Table 3) .
| Clinical outcomes
Tissue thickness TT was assessed in three studies, 15, 25, 26 and all reported comparable TT between the study groups at follow up.
Remaining wound area
The remaining wound area was assessed by Dias et al 25 and da
Silva Neves et al 26 Both studies reported a statistically-significant reduction in RWA in all the study groups during follow up. In Dias et al's study, the intragroup comparison showed significantly smaller wounds in the LILT group. 25 The intergroup comparison in Dias et al' study showed no statistically-significant difference on follow up between groups. 25 Other clinical outcomes, including bleeding, palatal tissue consistency, color match, and wound healing index (WHI) scores, were only reported by Ustaoglu et al 15 In that study, bleeding was statistically significant between the LILT and control groups, favoring the LILT group, which had less bleeding. 15 TT did not differ significantly between the groups, whereas LILT showed better color matching and WHI scores than the PCTG group.
| Patient-centered outcomes
Visual analog scale
The VAS was used to assess post-surgical discomfort among patients in all of the studies. 
AL-SHIBANI
Patient discomfort
Postoperative patient discomfort was reported in two clinical studies. 25, 26 Both studies reported mild discomfort after LILT, and none reported moderate or extreme discomfort. However, both studies showed comparable discomfort at follow up.
| Risk of bias assessment of clinical studies
All of the included clinical studies in the present systematic review were RCT. 15, [24] [25] [26] All of the studies presented appropriate randomization technique, statistical analysis, and description of withdrawals and dropouts. 15, [24] [25] [26] However, methods of allocation concealment and masking of assessor(s) was inadequate in three studies. 15, 24, 25 Therefore, three clinical studies did not correspond to the highest level of quality of RCT (Table 4) .
15,24,25
| D ISCUSS I ON
To the best of our knowledge, this is the first systematic review to report clinical and patient-centered outcomes after LILT exposure on the palatal donor site for harvesting PCTG. Overall, all included studies showed LILT application to be effective in the clinical and patient-centered outcomes after PCTG removal from the palatal area. 15, [24] [25] [26] This suggests that LILT is a potential treatment strategy that can accelerate wound healing on palatine mucosa after PCTG removal for root coverage techniques, and can reduce patient morbidity, such as pain. However, two studies showed significantly greater improvements in the clinical and patient-centered outcomes for LILT compared to the control groups at follow up, 15, 26 whereas, the other two clinical studies showed comparable results for both the LILT and PCTG groups at follow up. 24, 25 With the findings of the present study, it is important to interpret these results with caution due to a number of factors.
The usual phenomenon of palatal wound healing mainly includes fibroblast cells, keratinocytes, and immune cells. A blood clot predominantly consisting of a fibrin reticulum with inflammatory cells, red blood cells, and debris of injured cells helps to fill the space between soft tissue flap and bone surface. 27 LILT works on the principle of augmenting wound healing that is attained by increasing the movement of human keratinocytes, stimulating early epithelization, increasing fibroblast proliferation and matrix synthesis, and augmenting neovascularization. 28 Furthermore, LILT could offer higher tensile strengths and stability to soft tissue margins, which might subsequently prevent wound failure, thus reducing tissue shrinkage. Patients' wish for less aggressive and painful treatments should not be overruled, as these can be achieved by laser applications in contrast to conventional painful surgical procedures. However, the overall cost of the treatment, expertise, and need to review the patients in recall appointments once or twice weekly to ensure
proper compliance should also be considered. Although evidence suggests that LILT could provide a comfortable postoperative experience to the patient with less inflammation and lower levels of pain, 32 the present systematic review did not show additional benefits with respect to patient discomfort or clinical outcomes.
To date, the surgical PCTG procedure is still the gold standard therapy; 2 however, LILT seems to be a promising therapy, but only for certain patients.
In light of other methodological aspects in the included studies, such as non-standardized laser parameters and a short-term follow-up period, it is suggested that the role of LILT in improving clinical signs and patient-centered outcomes is still debatable.
Therefore, studies with long-term follow up and standardized LILT parameters with different laser protocols are recommended to reliably assess the exact benefits of LILT on reducing patient morbidity.
| CON CLUS ION
Whether LILT improves clinical and patient-centered outcomes of root coverage procedures for the treatment of GR remains debatable. However, due to the low number of included studies and high heterogeneity in the laser parameters, precautions must be exercised when interpreting the results of the present systematic review.
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